Little is known about the effectiveness of BMMNC therapy in hypertensive heart disease. In the current study, we show that delivery of BMMNCs from hypertension protected SS-13 BN /MCWi donor rats, but not BMMNC from hypertension susceptible SS/MCWi donor rats, resulted in 57.2 and 83.4% reductions in perivascular and interstitial fibrosis, respectively, as well as a 60% increase in capillary-to-myocyte count in the left ventricles (LV) of hypertensive SS/MCWi recipients. These histological changes were associated with improvements in LV compliance and relaxation (103 and 46.4% improvements, respectively). Furthermore, improved diastolic function in hypertensive SS/MCWi rats receiving SS-13 BN /MCWi derived BMMNCs was associated with lower clinical indicators of heart failure, including reductions in end diastolic pressure (65%) and serum brain natriuretic peptide levels (49.9%) with no improvements observed in rats receiving SS/MCWi BMMNCs. SS/MCWi rats had a lower percentage of endothelial progenitor cells in their bone marrow relative to SS-13 BN /MCWi rats. These results suggest that administration of BMMNCs can prevent or reverse pathological remodeling in hypertensive heart disease, which contributes to ameliorating diastolic dysfunction and associated symptomology. Furthermore, the health and hypertension susceptibility of the BMMNC donor are important factors influencing therapeutic efficacy, possibly via differences in the cellular composition of bone marrow.
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consomic; rat; progenitor; cardiac failure; diastolic dysfunction THE DIAGNOSIS OF heart failure with preserved ejection fraction (HFPEF) has increased in prevalence in past decades (19) . It is generally believed that the etiology of HFPEF involves pathology in mechanisms underlying diastolic function of the heart, including altered myocyte relaxation dynamics and reduced compliance of the left ventricular (LV) tissue (13) . Hypertension significantly increases risk of HFPEF, and diastolic dysfunction is highly prevalent among patients with elevated blood pressure.
While blood pressure reduction is a major treatment goal in hypertensive heart disease, reducing ischemia and reversing pathological remodeling are key to preventing mortality and morbidity due to diastolic dysfunction (29) . Recent evidence from work using bone marrow mononuclear cells (BMMNC) to treat myocardial infarction has shown a robust proangiogenic and antifibrotic effect of exogenous BMMNC therapy in ischemic hearts (8) . Similar remodeling benefits have also been observed in models of myocarditis and dilated cardiomyopathy (11, 27) and in pressure-overload caused by aortic banding (25) . There are currently no studies that have examined specific benefits of BMMNC administration to prevent or reverse diastolic dysfunction during the complex systemic condition of hypertension. In clinical trials investigating treatment with BMMNC following myocardial infarction mixed results and overall weak treatment effects have been observed (20) , suggesting that additional preclinical research is necessary to better understand the mechanisms underlying beneficial effects of BMMNC.
The Dahl salt-sensitive (DahlS) rat is a rodent model of human genetic salt-sensitive hypertension (4) . When placed on an 8% salt diet, DahlS rats rapidly develop hypertension, leading to pronounced LV hypertrophy and eventually heart failure and death (10) . One study to date has examined the effect of cell therapy for treating heart failure in the DahlS rat on 8% NaCl diet. Skeletal myoblasts isolated from DahlS donor rats reduced fibrosis and increased fractional shortening (FS) in hypertensive DahlS recipient rats (24) . The effect of myoblasts on capillary density and diastolic function was not tested. Furthermore, skeletal myoblasts injection may increase risk of adverse side effects, as evidence suggests they may not integrate into the functional syncytium of the heart and, therefore, may contribute to arrhythmias (7) . Thus, additional research is needed to explore the effect of other autologously derived cells such as BMMNCs on remodeling and diastolic dysfunction in DahlS hearts.
The SS/MCWi rat has been inbred from the DahlS parent strain at the Medical College of Wisconsin and exhibits both saltsensitive hypertension and microvascular rarefaction (3, 5) . Recent work has also shown that BMMNC derived from the SS/MCWi rat are not capable of inducing neovascularization in a hindlimb angiogenesis model (6) . Genetic introgression of chromosome 13 from the nonhypertensive Brown Norway (BN) rat onto the SS/MCWi background (SS-13 BN /MCWi rat) rescues the SS/MCWi rat from salt-sensitive hypertension and vessel rarefaction (5) and also restores the capability of BMMNC to promote skeletal muscle angiogenesis (6) . Thus there is a gene or genes located on chromosome 13 important for the therapeutic efficacy of BMMNC for neovascularization in the hindlimb. As mentioned above, there is a need for additional preclinical studies into the mechanisms that explain the benefit of BMMNC therapy as well as the reduced efficacy of cells derived from patients with cardiovascular risk factors such as hypertension. Comparisons between SS/MCWi and SS-13 BN / MCWi rats could provide a valuable tool for pursuing such questions, though it is currently unclear whether exogenous administration of BMMNC from either SS/MCWi or SS-13 BN / MCWi rats would be beneficial in the diseased heart. Based on the aforementioned rational, our study had two main purposes: to determine whether injection of BMMNC from the hypertension protected and immuno-compatible SS-13 BN /MCWi donors would improve fibrosis, capillary density, and diastolic dysfunction in the hearts of hypertensive SS/MCWi rats and to examine whether BMMNCs from hypertension susceptible SS/MCWi donor rats have impaired therapeutic efficacy relative to SS-13 BN /MCWi BMMNCs.
MATERIALS AND METHODS
Animal procedures. Male SS/MCWi rats (n ϭ 42) were fed 0.4% NaCl chow (Dyets, Bethlehem, PA) from weaning (3 wk old). At 8 wk of age, most animals were switched to an 8% NaCl chow (Dyets) for 2 wk, and then salt content was reduced to 1% NaCl chow (Purina, St. Louis, MO) until the termination of the study when the animals were between 13 and 14 wk of age. A separate group of rats were maintained at 0.4% NaCl for the entire study duration. Between 11 and 12 wk of age (3-4 wk on high-salt diet), four separate groups of animals received tail vein injections of either phosphate-buffered saline (PBS) vehicle or BMMNCs from 10 wk old SS/MCWi or SS-13 BN /MCWi donor rats. Study groups were as follows: 1) Lowsalt diet (0.4% NaCl) ϩ PBS vehicle (n ϭ 9); 2) High-salt diet ϩ PBS vehicle (n ϭ 9); 3) High-salt diet ϩ SS-13 BN /MCWi BMMNC (n ϭ 12); 4) High-salt diet ϩ SS/MCWi BMMNC (n ϭ 12). For BMMNCinjected groups, 3 ϫ 10 7 cells suspended in 500 l of PBS were injected via a 23-gauge needle directly into the tail vein during isoflurane anesthesia. Vehicle-treated rats received 500 l of PBS with no cells. Following injections, rats were monitored for an additional 2 wk before terminal functional assessment and death. At time of death, the lungs, liver, kidneys, and heart of each rat were excised and weighed. Tibia length was measured to serve as a control for body size. All animal experiments were approved by the Medical College of Wisconsin Animal Care Committee.
Isolation of BMMNC. Tibiae and femurs of 10 wk old male SS-13 BN / MCWi or SS/MCWi donor rats were flushed with MCDB131 media (US Biologicals, Swampscott, MA) supplemented with 2% fetal bovine serum (GIBCO by Invitrogen, Carlsbad, CA). Marrow tissue was dissociated into a single cell solution by gentle passage through an 18-gauge needle and filtered through a 100 m cell strainer. Mononuclear cell fractions from whole bone marrow solutions were obtained by layering cell solutions onto Histopaque 1083 (SigmaAldrich, St. Louis, MO) followed by centrifugation at 400 g for 30 min and collection of the opaque middle layer. Mononuclear cell fractions containing the BMMNC were rinsed once in PBS, followed by two washes in PBS ϩ 2% bovine serum albumin (Sigma), and counted on a hemocytometer. The desired cell dose (3 ϫ 10 7 ) was aliquoted for each recipient animal, rinsed once and suspended in 500 l of PBS vehicle for injection.
Noninvasive echocardiography to assess LV structure and function. Echocardiographic assessments were performed at baseline, 2 wk after start of high-salt diet, prior to injection, and 2 wk after cell injection on a GE Vivid 7 ultrasound machine (GE Healthcare, Waukesha, WI) equipped with a 10 mHz transducer. Rats were anesthetized with anesthesia cocktail: 70 mg/kg Ketamine (Phoenix Pharmaceuticals, St. Joseph, MO), 4 mg/kg Xylazine (Lloyd laboratories, Shenandoah, IA), 1 mg/kg Acepromazine (Boehringer Ingelheim Vetmedica, St. Joseph, MO), and echocardiographic images were recorded in the apical four-chamber, parasternal long axis (PLA) and short axis (PSA) views. Motion mode (M-mode) was used to calculate left atrial chamber diameter in PLA view. Left ventricular posterior wall thickness and chamber dimensions in both systole (LVDs) and diastole (LVDd) were calculated in m-mode from PSA SS/MCWi rats developed marked hypertrophy after 2 wk on 8% NaCl diet. This hypertrophy was sustained after reducing to 1% NaCl and for the remainder of the 6 wk study. Injection of bone marrow mononuclear cells (BMMNCs) did not affect LV wall thickness. Data displayed as means ϩ SE. Low salt control (}, n ϭ 9); high salt Ϯ vehicle (ᮀ, n ϭ 9); high salt ϩ SS-13 BN /MCWi BMMNCs (o, n ϭ 12); high salt ϩ SS/MCWi BMMNCs (OE, n ϭ 12). *P Ͻ 0.05 vs. low salt control. images. %FS was calculated as %FS ϭ (LVDd-LVDs)/LVDd * 100. Diastolic function was assessed in apical four-chamber view using pulse wave Doppler measurement of blood flow velocity at the mitral valve leaflets during early (E) and late (A) phases of diastole. Tissue Doppler measurements at the septal mitral valve annulus (E=) were also performed. Pressure-volume assessments. Following terminal echocardiography, a Millar SP-838 micromanometer and conductance catheter (Millar, Houston, TX) was introduced into the LV via the right carotid artery. Volume calibration was performed using hypertonic saline (50 l, 15% NaCl) and cuvette conductance according to the manufacturer's instructions. Pressure-volume (PV) relationships were recorded at steady state (SS), and in response to preload reduction due to brief occlusion of the inferior vena cava (VCo). Both SS and VCo measurements were obtained at baseline and following a 5 min intravenous infusion of 10 and then 40 g/kg per min of the adrenergic receptor agonist dobutamine-HCl (Sigma). From VCo measurements, the end-systolic pressure-volume relationship (ESPVR) was plotted and fit with a linear regression, while the end-diastolic pressure-volume relationship (EDPVR) was plotted and fit with an exponential regression equation. Relaxation time constants were calculated from SS loops using the equation of Weiss et al. (26) .
Immunohistochemistry. Following PV analysis, hearts were excised, weighed, and immersed briefly in a 500 mM KCl solution before being cut midventricle. The chamber of the upper (base) half was filled with Tissue Tek optimal cutting temperature freezing compound (Sakura, Torrance, CA) and snap-frozen in a dry ice slurry with 2-methylbutane (Sigma-Aldrich). Cross sections 5 m thick were cut on a cryostat (Richard Allen Scientific, Kalamazoo, MI) and then stained for capillaries (mouse anti-CD31; BD Pharmingen, San Diego, CA) and myocytes (rabbit anti-Caveolin-3; Abcam, Cambridge, MA) as previously described (16) . Four high-power fields (ϫ40) were captured midventricle at the anterior, posterior, septal, and lateral LV wall. Using Metamorph software (Molecular Devices, Sunnyvale, CA), we traced myocyte borders to determine crosssectional area, and the number of CD31 ϩ capillaries adjacent to each individual myocyte was determined. Average capillary-to-myocyte ratios were determined for each animal.
To measure fibrosis, the lower (apical) half of the heart was fixed in 10% formalin solution in phosphate buffer and then paraffin embedded with an automatic tissue processor (Microm HMP 300). Embedded tissues were cut in 3 m sections (Microm HM355S) and mounted on silanized/charged slides. Slides were stained with Gomori's One-Step Trichrome to visualize collagen fibrils. To assess interstitial fibrosis (IF) at least 25 ϫ20 images were captured from multiple regions of the heart, and data were analyzed with Metamorph image analysis software. Fibrosis was calculated as percentage of total tissue stained blue for collagen in each ϫ20 field, excluding any perivascular regions, measured with Metamorph image analysis software. Values are expressed as means Ϯ SE. *Significant vs. low salt; †fold change from baseline after 5 min infusion of 40 g/kg dobutamine. http://physiolgenomics.physiology.org/ Perivascular fibrosis (PVF) was quantified separately by capturing ϫ20 images of at least 10 cross-sectional vessels of varying size. Lumen area, vessel wall area, and area of PVF were traced separately in Metamorph software and PVF area was normalized to lumen area for each vessel. Total wall area, normalized to lumen area, was quantified to assess vessel wall thickening.
Biochemical assays. As a clinical indicator of heart failure, serum brain natriuretic peptide (BNP) was assessed with an ELISA kit according to the manufacturer's instructions (AssayPro, St. Charles, MO). Assays of renal function were performed on the ACE Alera Clinical Chemistry System (Alfa Wasserman, Caldwell, NJ). Blood urea nitrogen (BUN) was measured indirectly via the enzymatic method described by Talke and Schubert (22) . Creatinine was measured directly via the Jaffe reaction (1) .
Labeling of BMMNC with quantum dots and detection of cells in heart tissue. BMMNC from 10 -11 wk old SS/MCWi or SS-13 BN / MCWi donors were labeled with QD625 quantum dots (QD) (Invitrogen), according to the manufacturer's instructions with slight modification of QD labeling concentration (2 l of quantum dots per 3 ϫ 10 7 cells were used). QD labeling was confirmed with flow cytometry, and labeled BMMNC (3 ϫ 10 7 per rat) were injected via tail vein into hypertensive SS/MCWi rats after 5 wk high-salt diet feeding. Three days following injection, rats were killed, their hearts excised and weighed, then cut into four cross sections from apex to base and frozen in a dry-ice slurry. For each section of each heart, at least four 10 m thick slices were made, two serial sections and then two additional serial sections 200 -300 m deeper into the tissue. A total of 16 ϫ 10 m thick sections were analyzed for each heart, and the number of QD-positive cells was counted manually. Detection of QD-positive cells within lung, spleen, and kidney was also examined visually but not quantified. Bone marrow from QD-injected rats was analyzed for QD cell homing on an LSRII flow cytometer (BD Biosciences, San Jose, CA).
Endothelial progenitor cell quantification. BMMNC from SS/ MCWi and SS-13 BN /MCWi donors were washed free of media and fixed in a 2% paraformaldehyde solution for 10 min. The cells were then permeabilized with a 90% methanol solution for 30 min on ice. After blocking the samples with serum, we incubated the samples with monoclonal antibodies against CD34 [Courtesy of Jan E. Schnitzer (23), Prism, San Diego, CA] followed by PE-conjugated secondary antibody (Invitrogen) and with a monoclonal antibody against FLK-1 (Santa Cruz Biotechnology) followed by FITC-conjugated secondary antibody (Invitrogen). Secondary antibody only labeled cells served as controls. Each analysis included 50,000 events and was run on the LSRII Flow Cytometer (Becton Dickinson).
Quantitative PCR. Mononuclear cell fractions were obtained from 8 -10 wk old male SS-13 real-time PCR machine (Applied Biosystems) and analyzed as described by Knoll et al. (15) . Statistical analysis. One-way analysis of variance was used to assess differences in test variables across the four treatment groups studied. A significance value of P Ͻ 0.05 was used, and StudentNeumann-Keuls post hoc testing was performed for all pairwise comparisons. Statistics were performed using SigmaPlot (Systat software, Chicago, IL) statistical software, version 11.0. All results are plotted as means Ϯ SE. Independent t-tests were performed in Microsoft Excel for qPCR, cell homing, and EPC enumeration comparisons.
RESULTS
Effects of BMMNC on salt-sensitive hypertension and heart failure symptomology. All groups of SS/MCWi rats fed highsalt diet exhibited LV hypertrophy within the first 2 wk of the study ( Fig. 1) and had significantly elevated mean arterial, systolic, and diastolic blood pressures ( Table 1) . Injection of BMMNC from either donor strain had no effect on blood pressure, LV hypertrophy, or renal function as indicated by serum creatinine and BUN (Table 1) .
Improvements in diastolic function following BMMNC administration. Several complementary indices were used to assess cardiac function ( Table 2) . Echocardiography was used to monitor diastolic function over time. The typical indices of diastolic impairment, E/A ratio and E/E=, were not different across any groups, including low-vs. high-salt animals. In contrast, closer analysis of E-wave dynamics revealed an increased deceleration slope and reduced E-wave duration in high salt diet-fed animals. Treatment with SS-13 BN /MCWi BMMNC, but not SS/MCWi cells resulted in 13 and 22% improvements in E-wave slope and E-wave duration, respectively, relative to high salt vehicle-treated animals. No differences in FS were observed across any groups.
Terminal PV analyses showed an increase in end diastolic pressure (EDP) in vehicle and SS/MCWi BMMNC-treated hypertensive rats, which was significantly lower in SS-13 BN / MCWi BMMNC-treated rats (Table 2) . Concomitant to EDP, we observed an improved tau relaxation index and a reduction in the volume-independent stiffness coefficient derived from EDPVR analysis among SS-13 BN /MCWi BMMNC-treated rats relative to vehicle-treated rats (Fig. 2) . Hypertensive rats injected with SS/MCWi BMMNCs were not different from vehicle-treated rats. Overall, these data suggest improved diastolic function in the LV of hypertensive rats receiving SS-13 BN /MCWi, but not SS/MCWi BMMNCs. Assessments of SS (ESPVR, dP/dt) or stressed (dP/dt reserve) systolic function were not different between treatment groups (Table 2) as expected in HFPEF.
Changes in fibrosis and microvessel density. Representative images of histological data are presented in Fig. 3 . High-salt animals injected with vehicle had increased PVF and IF, which was significantly reduced among SS-13 BN /MCWi, but not SS/MCWi, BMMNC-treated rats (Fig. 4, A and B) . The same trend was observed when we examined capillary density. The number of CD31 ϩ capillaries adjacent to individual LV myocytes was reduced in high salt vehicle-treated rats (Fig. 4C) . Animals injected with SS-13 BN /MCWi BMMNCs had a significantly improved capillary-to-myocyte ratio relative to vehicle-treated rats, whereas SS/MCWi BMMNC-treated animals were not different from vehicle control.
Detection of BMMNC in the heart after intravenous delivery. We used QD-labeled cells to investigate if intravenously injected BMMNC home to the hearts of our hypertensive recipient rats (Fig. 5) . We detected 5, 7, and 18 QDpositive cells in 16 sections each of three separate hearts from SS-13 BN /MCWi BMMNC-injected animals, and 4, 0, and 0 QD-positive cells in hearts from SS/MCWi BMMNC-injected animals (Fig. 5C ). For both treatments, there were occasional QD-positive cells found in lung sections, a very small occurrence of positive cells in kidney, with the most QD-positive cells detected in the spleen (data not shown). We also evaluated rehoming of BMMNC from either donor strain into recipient bone marrow and found that a significantly higher fraction of BMMNC derived from SS-13 BN /MCWi donors, rats relative to SS/MCWi donors, had localized back into bone marrow of hypertensive recipients (38.3 Ϯ 2.9% vs. 26.7 Ϯ 3.8% of all recipient cells, respectively) (Fig. 5D) .
Expression of selected chromosome 13 genes. Based on the observation of reduced function and apparent homing to recipient tissues of SS/MCWi relative to SS-13 BN /MCWi BMMNC we employed Ingenuity Pathway Analysis to screen the 936 annotated genes on rat chromosome 13 (rat genome database, http://rgd.mcw.edu) for possible functional roles in BMMNC survival and homing. From this analysis, three genes known to be involved in bone marrow cell survival and apoptosis (BCL2, FASLG, IL10) and one gene involved in BMMNC homing (CXCR4) were selected for comparison of expression between SS/MCWi and SS-13 BN /MCWi-derived BMMNC, with no expression differences detected for any candidate genes (Fig. 6) .
Enumeration of putative endothelial progenitor cells in bone marrow. In a final experiment, we hypothesized that the reduced therapeutic efficacy of SS/MCWi BMMNC may be associated with reduction in a key subtype of cells within the bone marrow known to be involved in the promotion of angiogenesis in damaged myocardium, the CD34 ϩ /VEGFR2 ϩ endothelial progenitor cell (EPC). Flow cytometry experiments indicated significantly fewer putative EPCs within the bone marrow of SS/MCWi relative to SS-13 BN /MCWi rats (Fig. 7) .
DISCUSSION
In this study we have shown that delivery of competent BMMNCs to hypertensive rats can improve diastolic function and reduce clinical signs of heart failure. We observed elevated mean, systolic, and diastolic blood pressures, significant ventricular hypertrophy, PVF and IF, elevated levels of circulating BNP, reduced E-wave duration, and increased E-wave deceleration slope, increases in end diastolic left ventricular pressure, a reduced tau relaxation, and reductions in capillary density in the hypertensive SS/MCWi rats. Treatment with This is the first study to investigate the use of BMMNC to improve remodeling and function in heart disease caused specifically by complex systemic hypertension. Furthermore, we have focused on an early stage of hypertensive heart disease characterized by diastolic dysfunction with essentially normal systolic function. This approach, while less common in studies investigating hypertensive heart disease in salt-sensitive rats where end-stage heart failure is a more common end point, could ultimately have clinically relevant implications for prevention of progressive end-stage heart damage caused by hypertension. HFPEF is of increasing clinical importance. Diastolic dysfunction is quite prevalent, affecting as many as 30% of adults in the general population. In fact, Owan et al. (19) report that at least 50% of all heart failure cases are diagnosed as HFPEF.
We assessed diastolic dysfunction with several complimentary parameters. We observed the same trends between our groups across nearly all of our indicators of diastolic dysfunction. Reductions in E-wave deceleration time and increased E-wave slope observed in echocardiographic analyses indicate a more restrictive filling pattern and increased filling pressures (2) , and these indicators were improved in animals that received SS-13 BN /MCWi BMMNC. While we did not see corroborating evidence of restrictive filling in our E/A or E/E= measurements, the animals may have progressed to a "pseudonormal" stage of diastolic dysfunction where the impact of restrictive filling is counteracted by increased filling pressures. The tendency for E-and A-waves to overlap in rodents due to high heart rates (2) also may have confounded E/A and E/E= calculation. Large-scale studies in humans have suggested that E deceleration time and E-slope may be more sensitive indicators of diastolic dysfunction than E/A (18), which is a proposal that warrants further investigation. In support of our echo data, results of PV analysis clearly show that end diastolic pressure, LV compliance, and relaxation dynamics were all impaired during early hypertensive heart disease and improved upon treatment with SS-13 BN /MCWi BMMNCs. These functional observations were further supported by our histological analysis.
Numerous studies have investigated possible underlying mechanisms of action for BMMNCs when administered to rats after myocardial infarction (14, 17, 30) . Evidence for both direct integration of cells, to revascularize and regenerate damaged muscle tissue, as well as indirect paracrine actions, such as the secretion of proangiogenic and/or antifibrotic growth factors and cytokines, has been found. The studies generating this evidence have predominantly come from models of myocardial infarction, where large regions of cardiac tissue are completely destroyed and thus myocyte regeneration and extensive revascularization are necessary. The current experiments are some of the first to examine BMMNC effects in hypertensive heart disease, where myocyte regeneration is not a likely candidate for therapeutic benefit. Therefore, we hypothesize that during hypertension and diastolic dysfunction, the mechanism of action of BMMNC likely involves enhanced vascularization of hypertrophied tissue, which prevents tissue ischemia and subsequent fibrosis. Our observations of increased capillary density and reduced fibrosis in the hearts of SS-13 BN /MCWi BMMNC-treated hypertensive SS/MCWi rats are consistent with this hypothesis.
We observed a very small number of cells that actually integrated into heart tissue, with the majority of injected cells detected in spleen and bone marrow of recipient rats. We cannot rule out loss of QD signal, either via exocytosis of the QD label or dilution of the signal subsequent to cell division and proliferation, and therefore results of these cell tracking experiments should be interpreted with caution. Assuming the QD data accurately represent cell homing, these data suggest that in our model BMMNC do not appear to localize in great numbers to the heart and, therefore, may mediate their beneficial effect from a site distal to the heart (21) . Under that scenario, injected cells could secrete cytokines and other factors from the spleen, bone marrow, or other tissues that then act distally to effect angiogenesis and cardiac function. It will be important for following studies to identify the molecular factors mediating the therapeutic effects identified in the current paper.
An additional and important finding is that BMMNC derived from prehypertensive SS/MCWi donor rats failed to evoke the same improvements as cells derived from normotensive SS-13 BN /MCWi rats. This observation is consistent with previous reports that bone marrow-derived progenitor cells, specifically EPCs, from hypertensive humans and animals are functionally impaired and are reduced in number (9, 28) . Reduced efficacy of autologous donor cells is a major obstacle for ultimate clinical application of cell-based therapy. Impaired function in BMMNC derived from diseased patients has prompted a call for more thorough understanding of the molecular mechanisms that are crucial to efficacy in cell-based cardiac therapy. In a preliminary attempt to identify potential molecular players underlying our clear differences in therapeutic efficacy, we compared expression of selected genes present on rat chromosome 13 that are annotated in the ingenuity pathway analysis database as involved in BMMNC motility (CXCR4), as well as overall therapeutic competence (IL10) and survival (FASLG, BCL2), and found no differences in expression between any of these candidates. Interpretation of these expression differences in BMMNC is potentially confounded, however, by the heter- (12) . Therefore, global expression of potential therapeutic mediators in mixed BMMNC could be misleading, as expression patterns specific to the relevant cell type for cardiac remodeling benefits may be masked by expression of a given target in irrelevant but more abundant cells. This heterogeneity is reflected in the high degree of variability in gene expression within each of our treatment groups. Thus, to ultimately understand the mechanisms underlying the beneficial effects of BMMNC therapy it will be necessary to identify and target the specific cells responsible. Along these lines, we detected a smaller percentage of EPCs in SS/MCWi bone marrow relative to SS-13 BN /MCWi. Lower numbers of proangiogenic EPCs in SS/MCWi may explain our observations of reduced capillary density and subsequent failure of BMMNC to improve function in SS/MCWi BMMNC-treated animals. Future studies are necessary to test whether EPCs are the mediating cells driving the improved remodeling and function observed in the current study. If this is found to be true, then additional work characterizing gene and protein expression between therapeutically competent SS/MCWi rats and therapeutically incompetent SS-13 BN /MCWi rats may be very fruitful toward understanding the mechanisms driving the beneficial effect of BMMNC therapy for hypertensive heart disease.
The main purpose of this study was to determine whether BMMNC administration would be beneficial in animals exhibiting LV hypertrophy and diastolic dysfunction due exclusively to hypertension without additional ischemic insult. We have shown that administration of BMMNCs from a nonhypertensive donor is associated with beneficial remodeling and improved diastolic function in the LV of recipient rats with high salt-induced hypertension. In addition, we have identified the SS/MCWi rat as a genetic model of impaired BMMNC therapeutic efficacy in hypertensive heart disease, exhibiting reduced numbers of proangiogenic EPCs. With the model now characterized in the context of heart disease, future experiments capitalizing on the genetic similarities and differences between therapeutically competent SS-13 BN /MCWi and incompetent SS/MCWi bone marrow-derived cells, particularly EPCs, may lead to significant advances toward understanding key questions about the mechanisms of donor cell survival, engraftment, and ultimate therapeutic effect in regard to bone marrow cell-derived therapy for heart failure.
